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(54) A customer telecommunications interface device with built-in network features 



(57) Improved telecommunication appai&tus 15 real- 
i/ec v/itn a structure tr-.at is tailored lo interact with the 
teleccmrmnication network strictly in packet lormat. 
The asparatus includes circuitry !or creating either con- 
trol or information packets, wnere each packet compris- 
es a teader per ion and a payload portion. The acpara- 
tjs also incudes an tfentmer module tnat enables the 



apparatus te identify itself lo the telecommunication net- 
work with an identifier signal that is unique to it. The 
packet format allows the apparatus to provide a myriad 
of services that in today's environment are implemented 
within the :elecommunication network, including, for ex- 
amolo. call transler. call lorwarsing. brriging. call wan- 
ing etc. 
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Description 

Background Of the Invention 

"his relates to teleccmrnurtcations. and in partic- 
ular to telephones anc interlace devices that are inter- 
posec between a teleohone and a telecomrnuncatien3 
retwork 

Present day telecommunication networks compose 
switches that zVe? a substantial ameunt of control over 
the retwork to provide connectrvtty and customer fea- 
tures, such as 'call waring' 'calle' ID*, etc Tne cus- 
tomers are ccnnectec to the network at ts extremities 
most of. en through analog Ires b'oughl to the hemes 
and offices ccr-nectac to simple telephone nstru* 
nents. The in:eraction ol custemers with the network is 
general yttmited still to signaling with the telephone in- 
sfument's switch hook and with the rial pad 

K ts believed that substantial benefits will accue to 
the cvcraB network anc to uses by imparting mo-c so- 
phisticated network inte-acton capabilities to the equip- 
ment at the exirerrxies of the network. 

ftrl<1 Q#«crlptlon of the Drawing 

FiG t pi esents a block d&giam of appaiatus that 
interacts wilh a telecornm uneaten network m pack- 
et forma:; 

P:G. 2 presents a more detailed block digram of 

apparatus that interacts with a telecommunication 

network rn packet format; 

F:G. 3 describes the format of an ATM oackct; 

FiG. 4 suggests a control approach for coniroiier 

300; 

F;GS. 5-6 depict mooified block ctagrarrs of appa- 
ratus that interact with a telecommunicates net- 
work tn packet lormar 

F.G 7 iilustiates an embodiment that is mooproc- 
esse* -centered. 

FiG. 6 presents an emoodment where messages 
are stored r. a digital memory assocaied wi:h tre 
apparatus controller and 

RG.9 presents an embodiment tnat ts suitable for 
interaction with a ere jti-cw tched certraJ oflce 

Summary 

improved telecommunication apparatus is reaped 
w n d slruc.u r e thai is tailored to interact with i->e leie- 
corpnr.un:CATon network strictly in packet format The 
apparatus includes circuitry for creatng either con:roi or 
in!o-ma:»on packets, where eden packet ccmpriaea a 
header portion and a payioac porton The apoaratus al- 
so ncludes an identifier module that enables the appa- 
ratus :o identity rtsetf to the teiecomm jncation network 
win an identifier sipnaJ that is un^ue to t The oacket 
tor-nat allows the ap pa -at us to orovtde a myiad of serv- 
ices that in today's environment are ^implemented wnnn 



the telecommunication retwerk. including, tor example, 
call transfer, call lorwardirg. bridging call wai.ng. etc. 

Detailed Deo cr lot ion 

9 

One of the most effective means lor providing cus- 
tomers with increased control over ther telecommuni- 
cat.on capabilities is to employ a communication proto- 
col tnat otters a capable mechanism lor communicating 

»c control information between the customer and the net- 
work. A digital communication approach, such as ISDN, 
is one such effective mechanism. 

tn a co-pending application entitled 'Packet Tele- 
phone System*, filed on even dale hereol. bearing the 

is Serial No 08/627659. and assignee to the assignee of 
this application, which aoplication is hereby incorporat- 
ed by reference, a pec ketlele phone system is d-sclosed 
where a portion or perhaps even the entire telecom- 
munication network (both voice and data) consists ol a 

so packet switching based network with nctwoic interlace 

units at the extremes of the network. Such a retwerk j 
provides alt telecommunication services, including plain 
telephony service (POTS). 

The problem with using packet switching systems 

ss tor plain telephony is that various delays are inherent in 
such systems . and those delays make it veiy difficult to 
have an effective, global, system for voice communca- 

tKXV 

One of the most demanding requirements of voice 

3C communication is round trip delay. It has been found ex- 
perimentally that a conversation becomes strained, un- \ 
pleasant and Crsconccrting when a signal's rcund trip \ 
delay is greater than 300 msec (the number varies with j 
people and circumstances). It is the round trip delay that j 

25 is rrportant. rather than just the one-way. because con- j 
versa tions typically comprise questions and statements | 
that cafl for a response When a response arrives late. a 
the conversation is perceived to be unsatisfactory \ 

The round trip delay of a signal is controlled by a 
number of factors First, of course, is the distance be- 
tween the parties. For example, a conversation roughly j 
haf-way around the globe and back (40 000 km) wBI 
have a round trp delay of approximately 200 msec. That I 
leaves only ^ 00 msec for the other factors that introduce \ 
do lay ( if on e ts to not exceed 300 msec). Those are cod- 
ing the speech, decoding the speech, coding the re- 
soonse. oecoding the response, and the necessary 
rojimg of signals. For a coast-to-coast conversation 
wilhn the contiguous United Stales, the round trip delay 

sc * approximately 60 msec, and that leaves about 240 j 
msec for those other delays. 

When the signal transmission is in the form of pack- 
et* me encoding delay must include the time necessary 
lo wan for a snippet of the speech signal to accumulate 

*5 r order for it to be encoded into a packet, and the de- 
cod rig t-me must include the time necessary to ascer- 
lam that a complete, error-! roe, packet has arrived. 
When speech is sampled at 8.000 samples per second. 
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a byte of speech signal is generated even/ ■ 25 usee 
Wi.h 4 i speech compression that wansidles lo ore 
Dyne pe- 0 5 msec And w*h 8 t soeech compression 
that translates toor.e byte per 1 msec. 

If packets are gererared from a plurality of bytes 
then of course, there ts a delay associatec wrth the as- 
sembling zi the packet: ard the lorger the packet, the 
longer ne assembly delay. Moreover trere is a celay 
that is associated with the placements of the assembled 
packets onto a t me multiplexed cnannel and that, on 
the average, is halt the length cf a packet 

Routing of packet signals also incurs delays in the 
traversal through switches First because present-day 
packet swtxhes wa>l lilt the entire packet has arrived at 
p. swtchmg node before it is routed Toward its destina- 
tion Second, in seme cixumstances two packets may 
coflce nn seeking to use the same transm.asion re- 
* source) and one of the packets must then be delayed 
Ass jmng that a packet is not held up (cn the average), 
that the routine delays arc small, and that the decoding 
delays are smal'. it still remains that there is a 1 packet's 
worth detay in assembling the packet. 1/2 packet's worth 
of detay in castng the packet onto tno channel, and i 
packet s worth of celay in receiving anc disassembling 
the packet It fotiows, therefore that packets for a global 
can should be less thai" 40 bytes tot 9 1 compressor! 
and 80 bytes 'or 4:1 compression Correspondingly, for 
tratscontrenta: (US.) calts. packets should be less 
then 96 bytes for 8:1 compression, and 192 bytes for 4: 
1 compression 

From the above it » apparent that carding natural 
(duplex) conversations is difficult w;tn a packet switch* 
mg networt and that targe packets - such ae used :n 
the Internet - cannot work satisfactorily. Accordingly, ft 
is corsidereo that a telecommunication system which 
employs packets for voice telephony and which can 
rankle mtematcnal catts or certain. y trarscontinentat 
cans. teasorab'y well should employ packets wrth ro 
mere than 100 Dytes (including the header and the ri- 
te* ma ton portions). 

Fortuitously a packet switching protocol is already 
available that employs shon packets. Specifically the 
ATM (Asynchronous Transfer Mooe) protocol employs 
packets with 5 byte headers ard 46 byte paytoads. U6e 
of the ATM protocol allows time to compress speech sig- 
nals, time to assemble packets, time to encode and de- 
code time to route packets, and tine for tne actual 
fansmsson Thus using the S3 packet ATMronxaiard 
6 1 con- press on. (or example a conversation half-way 
arounc the world will have a 'ound trip cefcy somewhat 
greater than 300 msec, but it will probabry be acceptable 
to mos: users Mote demanding users can atta>n a short- 
er overall celay by recucng the speech compression to 
A 1 land perhaoe pay e premi jm lor the improved qual- 
ity) 

As an aside, with a packet sie that is n the neigh- 
Dorhocd ot SO bytes, the internet protoco resuts n a 
very inefficient utilization of the transmission medium 



because the addressing scheme used by Internet cur- 
renlly employs a 20 byle he*de: (and there is an effort 
to increase the header to 40 bytes) A 50 byte packet, 
or ceil, with a 40 byte header uses at most 20% of the 
5 network's capacity to communicate user information, 
and tnat certa;nly is inefficient 

Given a global digital network that is ATM-based, 
where the customer-premises instrument mteracts with 
the network through digital packets, many desired lea- 
'<? tures are within reach. Control packets can be sent by 
any customer instrument to any other customer instru- 
ment, wnether that other customer instrument is in an 
active conversation or not, and the two instruments can 
interact with each other to realise various features and 
controls That ether customer instrument can, r tact, be 
a resource instrument, such as a database. One of the 
'customer instruments" may. for example, be the admin- 
istrator ot the entire network; and through control pack- 
ets that are sent to any other component m the entire 
se network incluamg aO other customer instruments, the 
administrator can obtain information about the status of 
the network and all of its components. 

To summarize the above, the contemplated network 
as disclosed in the aforementioned and incorporated 
« application offers boundless control capabilities to voice 
ccrvnunication customers by providing a packet- 
switching network that employs short packets, and by 
offering the packet interface directly to the network in- 
terface unit. The following disclosure addresses the net- 
so work interlace unit. 

FIG 1 presents one illustrative embodiment of ap- 
paratus that is adapted to co-act directly wrth the con- 
templated telecommunication network, ft is a customer- 
premises piece of equipment. Element 1 in FIG. 1 is an 
35 a^tog interlace module. The term 'analog interlace 
module' includes modules that outpur scund in re- 
soonse lo electrical signals and convert received sound 
lo electrical signals, as welt as modules thai merely pro- 
vde an analog interlace to the customer. For example, 
the analog module may include the telephone's circuitry 
(handset, dial pad. etc.). It may also be merely the con- 
ventional telephone jack into which e conventional tele- 
phone or the like is plugged. I call such a port a POTS 
nterface. 

** Analog interlace module 1 is coupled to enccdngy 
decoding module 2 which provides a mapphg between 
the analog signal at the interface between elements i 
and 2. and the cigital signal at the interface between 
dements 2 and 3. The encoding/decoding module en- 

50 codes the signal that flows from element 1 to element 

3 and decodes the signal that flows from element 3 tc 
dement 1 

Element 3 is a data interface module It converts 
tfgtal signals from element 2 and control signals from 
" element 5 into packets <e.g. : ATM packets) and. con- 
versery r converts packets from element 4 tr\\o digital 
control signals and digital information signals for ele- 
ments 5 and 3. respectively. Element 4 is a channel r- 
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5 

terlace modulo Its f unci on is to provide the necessary 
t'anslalon or formatting. o> the packet reformation (or 
the part cutar channel trvtt is ccupled to pen 200 Lasiry 
element 5 is the control module, and t comntnicates 
wi-i elemerts 1-4. as described mere fu ly below 

It is important to not etna! the particular embodiment 
of e ements 1 -5 is net at ell limited to soecif c hardware 
noduies thai are presently reatizab e. Whereas the foi- 
towng disclosure presents an illustrative embodiment, 
it should be kept in mind that any modules known now 
or in the future, that achieve tne tunc: ens described 
above, when interconnected as depicted in FIG. 1. are 
w:min the contemplation of this disclosure Tms includes 
equivalents sucn as ootical modules rather than the 
electronic modules described herein sucn as ^eluding 
A/D- D/A conversion means m element l. or alternately 
in element "2. etc. A number o 1 - such embodiments are 
i8u5tra;rvety disclosed oelow. 

Consonant with this spirit. FIG. 2 presents a block 
diagram of apparatus that effects the functionality of the 
FIG 1 cfiagram (although, for sake of clarity, it omrs 
showng the control exercised by controller 300 over the 
other elements). In accordance with FIG 2, a conven- 
tonal tale oh one is connected at port 100. and the tele- 
communication net work is couplec to port 200 The in- 
fo maibn signal at port 100 is ar.alng. find the cant to* 
signals comprise the switch hook actior and either DT- 
MF ;dual-tone mult -frequency) signals or rotary dial sig* 
rals. As suggested abov9. the circu try of :he telephone 
connected tc port 100 can be incorporated with.n block 
10. leaving port 100 to be the acoustical interface be- 
tween the FiG. 1 apparatus and the user For expository 
purposes, however, it is simpler to assume that a con- 
ventional telephone is connected tc port TOO It may also 
be notec that the FIG. 2 apparatus forms a buffer be- 
tween the telephone instrument and the network. As 
such, the butter can be easiy used to allow rotary 
pho-ies to cc*ti:o! the netwoi k as p nones wi:h DTMF sig- 
rals can do today. 

In embodiments where port 100 e adapted to be 
connected to a conventional telephone, block 10 is a 
central office emulator c:rcud. t: provces DC pewer to 
the te^pnone, it senses hoo< swnch actions and I de- 
codes DTMF (cr rotary dials time pulse) signals. The 
control s. gnats thai are applied by the customers tele- 
phone to port 100 and detected by block 10 are applied 
to controller 30C for its consideration (une 1C1 ). Altema- 
t vety the actual datecton and interpretation o' DTMF 
signals can be performed by tne controller directly (by 
coupling controller 300 to port 100 directly) Cne em- 
bodiment of a central office err ubter circu: 4 deserted 
for example, in U.S. Patent 4.775 997 issjed October 
4. 1388 

The voice signals that are appied by customer 
equpment to port 100 are couples by emulator 10 to 
echo cancelnq arcurt 20. Circuit 20 couoies this incom- 
ing signal to encoder 30. and encoder X applies the 
signal to encryption circuit 60 -via mufcplexer 3i) The 
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output signal of encryption circuit 60 is coupled to data 
merface circuit SC. anc circuit 60 applies ils output sig- 
nal to channel interface circuit SO Circuit 90 apples its 
output signals to port 200 and. thence, to a transmission 
* medium 

Signals arriving at pon 200 from the transmission 
medium are coupled by circuit 90 to decryption circuit 
72 and thence to data interlace circuit 90. Circuit 70 
might be the complement of circuit 60. Information eig- 

*Q nals deveiopec m circuit 70 are applied to oecoaer 40, 
and thence to adder 41. Adder 41 combines the signals 
oi decoder 40 with signals from synthesizer 50 and ap- 
plies its output signal to echo canceling circuit 20, Fol- 
lowing circuit 20. Ihe signal of adder 41 is coupled to 
emulator lOand.lromthere.toport 100. Control signals 
extracted from arriving packets by circuit 60 are applied 
to controller 000 via line 30.1. 

When the processing carried out by the elements 
to the left of element 20 is digital, element 20 must in- 

sc c =udc a A/D converter tn the path between clement 10 
and element 30. and a D/A converter in the path be- 
tween element 41 and element 10. The signals at port 
100 are bi-directional, and so are the signals at the out- 
put of emulator 10. This ts sometimes called 'two-wire 

25 transmission* Encoding and decoding, on the other 
hand, is best done with unkJii actional signals, sociicurt 
2C must include a two-wire to four-wire conversion 
means. Conversion from two-wire to four-wire format 
can introduce echo, which corresponds to a leakage of 
some signal from line 27 into Ihe path that leads to en- 
coder 30. Hence, echocanceiing should be provided for. 
The function of element 20 is to convert from two-wire 
to four-wire transmission, to carry out echo canceling as 
necessary, and to perform the appropriate A/D and D/A 

<35 conversions. Its construction is perfectly conventional. 
As an aside, the echo canceling in element 20 is not 
cjjne the same as in modems In modems, the effort is 
to eliminate echo in the analog, two-wiie. side. Here, the 
effort e to eliminate echo in the four-wire, digital side. 
An echo canceier roughly d the type recommended tor 
the FiG. 2 apparatus is disclosed in U.S. Patent 
5 406.583 issued April 11. 1995. 

ft is expected that encoder 30 wiB perform speech 
compression, in the sense of developing a digital repre- 

45 santauon of the speech signals that requires fewer bits 
than the digital representation at the input to encoder 
3C. Decoder 40 complements encoder 30. More specif - 
calry, when a conversation is carried out between two 
parties and each parly employs an associated neiwcrk 

& ntertace unit tne decoder 40 of one unit must comple- 
ment the encoder 30 of the other unit and viC9 versa. 
When the two encoders are the same, then the decoder 
of a network nterface unit is. of course, the complement 
of the encoder of the same network interface unit. 

« For purposes of this disclosure, any conventional 
encoding and decoding apparatus can be used to real- 
ize encoder X and decoder 40. One oxample of encod- 
no/decoding apparatus is presented in U.S. Patent ap- 
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pica: ion 07/762 666 titled 'General zed Analysis-by- 
Synthesis Speech Coding Meihod And Apoaraics " tiled 
for W B Kletjn on October 25. -951 The Kleijn app;i. 
cat ton coes not show the additional ccrrpression that 
can be achieved when si ence detection is ncluded but * 
such acdttionat comp'essior ts described however, in 
the "SI Star da fd "Eurcpear Digital Ce.lula' Telecom- 
nunicatKyis System Fu-lraie Speech Frocessmg = unc- 
tion6." GSM 6 0l. and retererces GSM 6 31 . 6.32. ard 
6 12 May 1994 When 3 1 corrpresson i$ desired, it to 
may be necessary to take advantage of silence detec- 
tion 

Adder 41 provides a means for sending audbte sig- 
nals Uomcontrcliei 300 via synthesize' 50 to pert 100 
and muHp-exer 31 provices a mec~&nt$rr lor sending tr 
audible signals from controller 300 to tne port 200. 

Encn/pTer 60 and decrypter 70 are optional privacy 
means The need for encryption * related of course, to 
The desire to Keep the communications from being com- 
promised and to the level ol rsk that the communca :c 
t.ons charoet ts insecure. The tatte' is highly dependent 
on the nature of transmission crannei created in tre 
transmisson medium connected tc pen 200 When thai 
channel :s ced.eated: in the sense tnat other users that 
are connected to the transmission medium are not pr»vy if 
to ihe conveisanor* (i e cannot tune the it equipment to 
gam access to the packets appea'ng ct pert 200). then 
encryption is rot as necessary. If. on the other nand. 
when packets sent to port 200 can be deprived by any 
equipment tha: is coupled to the transrrvssion medium 
to which port 200 is , then of course encryption :s much 
mere ccsirablc because the situation opens the oppor- 
tunity to fraud, in addition to the comoromismg at priva- 
cy 

Elements 60 and 70 can be very soph sticatect or if 
' quite simple Many encrypiior. techncues are known in 
the art. and ary one of them can be employee, as 
agieec! toby the designers of the PIG 1 appaiat js and 
the designers of the network. By way o' examole. the 
weil-<nown public Key encryptior. asproaeh may be *c 
used, where the unh sends to the network its public Key 
that corresponds to a private key which is embedded or 
installed in element 60. ana receives from the network 
a public Key that the network assigns to the particular 
retwerk interface unit lr. pub'ic key systems, the party 
holding the pubic key can decypher messages from a 
sender that employs tne corresponding private Key. but 
cannot ceata messagas that would be darypherod by 
Ihtl pubic *ey A'so Ihe parly holcng Ihe pubic key can 
encoce a message to the party hoWr.g tne pnvate key 5C 
but no other party can read thai message 

The above describes the encryption a 3p roach to be 
agree? to oetween the FIG 1 apparatus and the net- 
work. That assumes of course, that the network decy- 
pners the tntormatiorv Another viable approach ts for the 55 
network to te complete ry ooImous tc the messaqes 
and the encryption approach being agreed tr between 
me network r-tertace tnns on the twe ends ol a cal 



In any event, since the soecif;c approach thai -nay 
be jsed is not within the scope of Ihis nvention. tl .s nol 
described any further herein It 15 expected, however, 
that in applications where encrypt icr. is not oerceived tc 
be absolutely necessary but elements 60 and 70 are 
physically included in the system those elements wdl 
be activated or deactivated under direction of controller 
300. either in response to control signals arriving from 
pert 100, or control signals arriving Irorr. port 200. When 
deactivated, those elements are "transparent'. 

Synthesizer 50 provides a means for creating audi- 
ble signals to be applied to port 100. The audible signals 
comprise the tone signals that typically come from a 
central office, such as 'dial tone', 'ringing', and "ring- 
b*ck - signals Alerts by means of other tones pre-re- 
corded speech, or synthesized speech are also possi- 
ble of course. 

Data interface block 60 assembles the data provid- 
es by element 60 and control signals provided by con- 
troller 300 (via path 302) into ATM cells and. conversely, 
dissembles decrypted ATM celts and develops control 
signals for controller 30C {path 301 ) and data signals for 
element 40. The structure of data interface block 80 can 
follow the teachings of US. Patent 5.136.584. issued to 
Hediung on August 4, 1992 

Channel interface element 90 is also a two-wiie to 
tour-wire converter whenever the channel at port 200 is 
a two-wire* system. Primarily, however, element 90 
lorms the interface to the transmission medium and Ihe 
network connected thereto. The transmission medium 
can be any one of a variety of types. It can be a wire 
pair, optical titer, coax cable (of the type used by cable 
TV companies), power lines, wireless. etc. : and the sig- 
nal characteristics might be Afferent for the different 
types of interfaces. (The wireless connection can be to 
a pcint outside the home or ; for examp!e : to a unit that 
couples element 90 to a television cable inside the 
hone ) Accoidingty. element 90 is designed for the par- 
tcular type of transmission medium that the customer 
has. For ail or the above-mentioned types, however, the 
dgitaJ data is typically converted to analog form and 
band limited to a particular frequency band (perhaps re- 
ccing frequency shtfting). This ts basically modem 
technology, and one such approach 16 described, tor ex- 
ample, n *51 ,84 b/s 16-CAP ATM LAN StandarcT IEEE 
Journal on Selected Areas in Communications, Vol. 1 3 : 
Ko 4. May, 1995. pp. 620-632. authored by G. H. Im, 
C O. Harmcn. G. Huang. A. V. Mandzik, N.-H. Nguyen t 
and J. -J Werner For optical fiber interfaces, element 
9C -nckxles elect neat/optical conversion means, and for 
wire ess rterfaces. element 90 includes wireless trans- 
mission and reception means. These are perfectly con- 
ventional. 

Controller 300 is. conveniently, a microprocessor 
when contros an ot the other elements in the FIG. 2 
arrangement Exactly what t does is dependent on the 
manrer by when the PIG. 2 arrangement provides the 
POTS service and the other features that are provided 
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to the customer Storage element 320 ma mars the pro* 
grcrrs and ddii lha: controller 300 needs 

"he remairing e'ement depicted in FIG 2 is ID 
block 3'0 Block 31 0 stores a unique identifier for each 
and every constructed piece o* equ pment that erncod- * 
tes the FIG 2 arrangement. It uniquely identifies the 
hardware As cepicled tn FIG 2 it is ccupled to control- 
ler 30C. and through cortroller 300 a signal that corre- 
sponcs to re identifier is sent tc pert 200 (and may also 
be sent to element 10 and port IX, if the need arises). 
Eterren: SiOcanbea ROM chip bu ned- in logc values 
in a register or the tike Element 310 can also be part 
of the cont *oiier. The ID icentrfier signal may be sen to 
port 200 foTowmg the initial couolrg ol the FIG. 2 ap- 
paratus tc the network, to register wm :he network the 
fact IT at th9 ecutpment is now pan of the network, and 
at other :iroes. such as descrtoed below. As en as>de 
another jntque icentifier can be part of the telephone 
apparatjs ;hat ts connected to port 100 and. simiarry. a 
tn»quc ccn:ifier can dc part of a l cqupmcr.t that makes 
tp me network to which port 20C is coupled. 

While the above indicates that the identifier of block 
3*0 is urique it should be understood that the unique- 
ress need not te more extensive than is necessary tor 
a unc;ue deot'fkcaton of the hardware when it is con- 
nected to the telecommunication netwoik Hence if the 
retwerk is subdivided into subsets, or subnetworks, 
then the ID must be unique vis-a-vis the other hardware 
in ire particular network, subset, or subnetwork 

lr orde* tc better understate the operation of the 
FIG 2 arrangement, and in particular the operation of 
biock 60 it is useful to review the structure and "com- 
ponents" of the ATM packet as depicted in FIG. 3. 

• "he first lou' bits comprise a generic flow control. 
~his field nas bca: significance cxvy arc can be 
usac to prevee stanoarci*ed location lurction on 
the cus:omei's site 

• The next byte provides the vitua: path identifier 
(VPl) and the following two bytes corresponc to the 
vir.ua) chanre' identifier (VCD. 

• next three bits correspond to the pay bed type 
(PT) which identity whether the packet contains us- 
er nl or ma tor or control information. It m also used 
to mdcate a network ccngestcn stale or tor net- 
work resource management 

• ~he as: brt in the locrth byte is the CLP feld. when 
a rows the user or the network tc op ti er a By deter- 
mine whether losing a cell is permitted under cena n 
network traffic concrtions 

• *he frith byte is a header error check by:e (HEC) 
and 

~he next 48 bytes are the packet paytoad 

Thus, trrough the PT field. ATM offers users the aoilny 
to dentrfy packets as be ng data packets o- control 
packets, and m the latter, the nature ct the control is em- 
bedded tn tie 4d paytoad bytes. 



The function of block 80 is to convert groups of 
bytes m;o ATM cells and. conversely to convert ATM 
calls into groups of bytes In the F G 2 embodiment; at 
leas; one piece of information is not encrypted in the 
ATM cells that are constructec in element 60 and ap- 
plied to element 90. anc that is the adcress field. An 
additional field which might not be encrypted is the PT 
field which in the presented embociment characterizes 
the celt as a cell that contar.6 speech signal information, 
data, or control information. This field can be used as 
•speech flag" which may be usee in the network to wnich 
pea 200 is coupled to give priority to speech signals ove r 
data and control signals. Alternatively the prcrrty for the 
soeech packets can be established when the virtual bi- 
c jrt is set up In any event, an ATM cell is assembled by 
combining the address information (anc perhaps the PT 
field value) with the encrypted data provided by element 
60. When a received (decrypted) ATM cell is disassem- 
bled by element 80. the adcress field is discarded and 
the PT field value is usco to cctcrmmc whether the "pay- 
load" packets should be routed to controller 300 or to 
decoder 40. 

FIG 4 presents a basic flow cnan depicting the op- 
eration of the FIG. 2 controller. When control information 
arrives, whether from an ATM cell arriving at port 100, 
or fiom element 10. contioller 300 detects the aurval of 
the control information, identifies the nature of the con- 
trol, and acts appropriately. The following describes the 
operation of the FIG. 2 hardware in response to some 
of the more common controls. 

In operation, when the FIG. 2 apparatus is in a qui- 
escent state, channel interlace 90 can receive a signal, 
lor example, that correspond to a control cell. Element 
90 recognizes (through the address field) that the cell is 
destined to the FiG. 2 apparatus and applies the cell to 
element 70. Element 70 decrypts the payload and ap- 
plies the data to element 80 Element 80 recognizes that 
the cell is a control cell and diteas the payload to con- 
troller 300. The control can, tor example, be a call initi- 
ation ceil, which identifies the calling party that wishes 
to connect to the FIG . 2 apparatus. Controller 300 knows 
that port 100 is not presently active with another con- 
versation (when that Is the case), and therefore it ac- 
knowledges the invitation to create a connection, by ex- 
ecuting the following; 

1. Derives the calling party's address (from the caJI 
inmaion cell). 

2. Using its own address and Ihe derived calling par- 
ty's address, senos a control cell back to the calling 
party ^.eating an acknowledgment. More specifi- 
cally, controller 300 directs element 80 via line 302 
to assemble a control cell that is sent back to the 
calling party, and informs element 80 ol the control 
data that is to be transmitted via line 301 and mul- 
tiplexer 3: . 

3 Througn synthesizer 50. sends an alert (nngng) 
signal to port 100. 
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When the teleohone that is connected tc port iCO 
goes off hook, element 1 0 delecls ins cond lion and in- 
torms controller 300 that the customar went off noo< 
That concilion indicates thai voice ccnmunication can 
proceec: whereupon, controller 30C directs etemen: SO 
to assemble and ser.d a control cell to tne network ard 
to the calling party to inform them that tne call can pro- 
ceed, anc the nnging signal that is aoplied oy synthe- 
sizer 50 to port 100 is turnec of:. 

When the conversation is terminated by the tele- 
phone instrument at pon 100. and element 10 detects 
the state change trom "off nook" conci-cn to *on nook # 
condition, a control cell is sent to the call ng party, in- 
forming it (and the network) that ihe conversaton was 
terminated, allowing the calling party to senc a com- 
mand to the network to release the virtual path tnat was 
assigned tome call oy the ATM switches in the networ* 

Wher the condition is such that when, the telephone 
connected at porflCO is in conversation with some other 
party vmcr. a call initiation cell arrves (and. of course, 
controller 300 >6 aware of this;, cor troll er 300 sends a 
•busy" control cell to re calling party. 

When the telephone at port 100 wishes to place a 
call, n goes 'oft hook* and thereby informs controller 300 
oT its intention Controller 300. in turn, directs synthest2- 
ei 50 to output signals that mimic the central office dial 
tone, which informs the customer at pon: 100 that the 
system is ready for dialing. Dialed digits that subse- 
quently appear el port 100 are detected in element 10 
and applied to controller 300 Controller 300. in turn, di- 
rects element 6C to assemble an ATM conircl cell that 
miorms the network of its desire ard provides the net- 
work with the number of the called pary. The network 
decides on the path between the calling party and the 
caned party, provides ihe network switches with the rec- 
essary information, adds the calling pany's address to 
the call initiation eel!, and forwards the cell to the called 
party The called party, as desciibed above returns ei* 
ther an acknowledgment control cell, or a busy control 
cell 

In response to an acknowtedgrren; cell, controller 
300 directs synthesizer 50 tc output a •nngback* signal 
to pon 100 This 'nrgback* continues until a control eel 
arrives 1rom tne called parly, mdrcatinq that the called 
party went *cft hook* At such a time, the 'nrgback" sig- 
nal is discontinued and the telephone enters the con- 
versation mode In resoonse to a 'busy* cell controller 
300 directs synthesizer SO to output re tusy* sigrai to 
port 1C0. 

The ID of tne FIG 2 apparatus & mcuded m some, 
or perhaps all. of the celts that are sent out by the FIG 
2 apparatus. That can be used to acvantage oy the net- 
work. For example, tne network can poll the FIG. 2 ap- 
paratus and request thereby that the apparatus identi'y 
rise! AJtemativey controller 300 can include a tmer 
that, every so otter., causes the controller to output a 
control cell to pon 200 which nloms the network of the 
•dertrry of the FIG. 2 apparatus. That timer may be actrve 



alt the time or perhaps just dunng active conversations 
The timer could also have diiferenl cycle limes, a very 
long cycle time when the apparatus >s inactive (eg. eve- 
ry 4 hours) and a short cycle !rne when the apparatus 

* is active (e g . every second). 

If the pcl'ing approach is used, the control cell that 
initiates the celling can a:so request that the apparatus 
divulge its status both in the sense of information that 
soecrfies the state of the apparatus, and mfcrmation that 

*o informs of the operational viability of the apparatus. Sta- 
tus information of the first kind (operational status) in- 
cludes information such as 'idle', 'busy*, 'ringing", •port 
100 has nothing connected to rt\ the telephone at pon 
1C0 is cH hock", 'encryption is aclivaled\ elc. Status 

rf information of the second kind (viability status) includes 
information such as *the encoder is not working proper- 
ty* the unit is dead*, the decrypt circuit found 17 parity 
errors since the last check*, etc. In FIG. 2 : the status 
information thai is collected by controller 300 is depicted 
by Ihe grcup of arrows 311-313. Of course, a cell that 
reports to the network on the status of the FIG. 2 appa- 
ratus includes the ID signal. 

The transmission of status information to the net- 
work is not limited to responses to polling queries. As 

25 with operational status where controaer 300 takes action 
in i espouse to changes (e g. when the telephone instru- 
ment goes off hook), controller 300 can also take action 
in response to changes in the viability status informa- 
tion. This car. take the form of a control cell that is sent 

50 to tne network to inform the network of the problem, an 
accumulation cf data m memory 320. the turning on of 
an alert indication at the FIG 2 apparatus to provide a 
v*ual alen to the user or even sending an alert 6ignal 
to port 100. 

•35 The unique 10 can also be used in the context of 
the network. That is, the ID can be the mechanism lor 
ty ng a user to the use of the network and to the charges 
that are billed the usei This function is cun entry handled 
by the phone number that is assigned to the user, but in 

40 most srtuabons the phone number realty identifies the 
network port tc which the user is connected. By using 
the ID. tne users apparatus can move from location to 
location, and once the apparatus is connected to the 
network and registered (e.g.. through the above-dis- 

* s cosed poling process), the network can always asso- 
ciate the phone number assigned to the user with the 
ID of the user's apparatus and with the network port to 
when tne apparatus is connected. 

U should be retleraled perhaps, thai the embodi- 

5C ments disclosed above are merery illustrative, and they 
can be easily extended to cover different capabilities 
and embodments that, nevertheless, remain within the 
scope of thtt invention. 

For example, as indicated above, it is quite conceiv- 

« able that the telephone instrument coupled to port 100 
and element 10 can merge. It c also quite conceivable 
that alt ai^tai processing - which may include all of the 
FIG 2 elements except portions of elements 10 and 90 
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- can tie mp lamented in ore. or a few stored program 
processors (see discuss on below relative (o FIG. 7). 

Aisofcr example, tnere is ro reason to um-t element 
10 tc a single port I: is a straight forward extension to 
include two or more ports out of element 10 to create » 
two ^dependent channels o' communicaton. This is 
shown in F G . 5. Tho simple extension offers customers 
two independent network appearances. Each appear- 
ance car. correspond :o a afferent number, or they both 
can be known to the network by the same number. The >0 
network would simpy CBtry two conversations with tre 
two appearances, with each conversation berg identi* 
tied by an appropriate "conversation fag" The network 
would <now. lor example, lhat telephone number 
S82-30O1 is a network interlace unit sitting At a network 

address 333 432 and coupled to pon 1 of a network in- 
terface unikhaving the ID AS234094. while telephore 
number 582*5432 is coupled to pon 2 of the same net- 
work nterface unit 

A c gitat appearance can alsc oc had for example - c 
lor a cigital fax machre or another oats nstrument. and 
thai instrument would be couoled to encoder 30 ard 
adder 41 through a dgital -nterface circuit IS as shown 
ilustratrvery-n rIG. 6. Element 10 of FIG 6 and element 
15 are aaapted. of cou*se. to deal witr the conctticns 2: 
that exis: when more than one call flows through ele- 
ment 9C and port 20C. In particular, wnen two independ- 
ent calls are being earned. ATM cells arnvng at port 2C0 
will have designations that wiil distinguish the two caBs 
(e.g.. niflerenl ssurce addresses, or Afferent virtual cir* so 
cuit labeis). Controller 300 is responsive to those des- 
ignations, and routes the corresponding packets that 
are developed by decoder 40e>tnerto pon 1 00 or to pen 
400. This is accompl.sheo by control ir.es 101 and 102 
Correspondingly, information arriving from elements 10 35 
and 15 =s accepted by encoder 30 (the bytes Ceng ap- 
proptetely staggered by controller 300 to avoid eel ♦• 
son) and oontioltei 300 keeps liac* of these bytes ard 
routes t"*em to separate ATM celts that are assembled 
in e>ement 30 *o 

The embodiments disclosed above are ilius;rated 
wttn distinct e ements for the dflerent functions that are 
tmpiementeo. This 1$. in part, in order to clearly teach 
the invention. Other, more compact emoodroents are 
possible and. ndeed. are likety m view cf the trend to 
implement systems W5h microprocessors under control 
of stored programs FIG. 7 presents such an embodi- 
ment, where m coprocessor S00 a at the hean of tre 
fcpparaljs. 

f/ore specifically; FIG 7 depcts An embodiment 5C 
where a coaxial cable 402 is the uansm^son medium 
that couples the telecomrnuncaiion network tc pert 200 
Channel interlace unt 90 ts made up of a coromer/spli • 
ter 40i. a receive' module 41C. and a transmitter mod- 
ule 420. The oorr.br ei/spiitter may be a simple trans £5 
former. 

Mtcroprocessor 500 « connected to modules 410 
and 420. Microprocessor 500 supplies modue £20 wttn 



parameters that the module needs for headers cf ATM 
packets, and it also supplies the data, or # payload". ol 
the ATM packets Within module 420. medw access unit 
421 creates ATM packets from the information supplied 
by processor 500 These packets are then applied to 
modulator 422. Mooulator 422 converts the bytes sup- 
plied by processor 500 to symbols, and modulates a car- 
rier with those symbols in accordance with a selected 
modem approach. In some modulation approaches, the 
output of modulator 422 is a baseband analog signal, i. 
e.. occupying a frequency band from Oto some selected 
upper frequency, in such situatpons. RF transmitter unit 
423 which couples modulator 422 to combiner/spliner 
4Cl includes an amplilier and a modulator that shifts the 
b*nd of the signal developed by modulator 422 to the 
band specified for coax cable 402. In the alternative, 
modulatcr 422 creates a..signal that already is in the 
proper band, and in such situations transmitter unit 423 
needs to only perform the amplification. 

In the reverse Direction the signal arriving at receiv- 
er module 410 16 an analog signal that carries a large 
number ol information channels; e.g. a numoer of TV 
cnannels. Among them is the information channel that 
s aimed at the FIG. 7 apparatus. Accordingly, receiver 
module 4t0 includes an RF receiver unit 411 that g 
funed to receive the correct channel of information and. 
i necessary (for the workings of the demodulator that 
follows), demodulates the information down to 'base 
band'. The output of unit 411 is appied to demodulator 
412 which outputs the ATM packets. Those packets are 
applied to media access unit 413 which reads the 
stream of bits, interprets it as ATM packets, and when 
f identifies a packet with a header address that corre- 
sponds to the adoress of the FIG. 7 apparatus, it pro- 
ves the contents ol that ATM packet to processor 500. 

The 'apparatus address*, by the way, can be the ID 
of the apparatus described above, or it can be some 
othei pieset identifier such as a 'phone number*. The 
particular cat2 that 13 used as an 'apparatus address' 
depencs of course, on the network to which the FIG. 7 
apparatus is connected. In any event, the 'apparatus 
aodress' can be loaded by microprocessor 500 into a 
t»e*d programmable ROM within unit 420. 

The encryption and decryption oi data 6ignai6 
whetv for e 1 ample, is effected n the FIG. 2 apparatus 
with e lements 60 and 70 are shown in RG . 7 with a sep- 
arate processng unit (430) that is coupled to microproc- 
essor 500. :t is depicted as a separate unit because with 
current microprocessor capabilities the encryption and 
decryption function is too demanding to be accommo- 
dated m the same microprocessor thai performs the oth- 
er functions Of course, it is quite possible thai future 
microprocessors will be able to handle the load. 

Control of microprocessor 500 is effected through 
stored programs that reside in memory module 440 that 
e coupled to microprocessor 500. Memory module 440 
« snown to include a ROM portion, a RAM portion, an 
NVRAM (non-volatile RAM), and a Wnte Once Memory 
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jWOVAi poiior The ROM holds :ne Demand, basic 
progwrns lhe =AM holds f** rs,lor V values lha: proces- 
sor SOOOeiermnas. or evaluates and :he NVP AVI holds 
the va'cus s;a:c parameter ard programs that are 
downloaded to the apparatus through port 200 The 
Write Once Memory may be a ?used link type o' memcry 
^ it stores me apparatus 10 

Microprocessor SCO is aso connected lo CO emu* 
law Clock 10. described above, and b'oc* 1 0 is coupled 
io sort 1X Aisc. microprocessor 500 £ connected to 
eirerne: c.rcufl 450 which provides an interface be- 
tween microprocessor 500 and ethernet port 460 to 
wnich d giwi equipment can be cocpied. This block cor- 
fe sponcs lo block. 15 in FIG. 6 

~hLS. microprocessor 500 ot FIG 7 corresoonds to 
controller 30C arid all of the other elements shown in 
FIG 6. save to* the channel interlace. CO emulator, the 
digital ntarlace. and the encryot and decrypt circurtry 

One advantageous characteristic of the apparatus 
Cisctoscd above is that many features that arc now 
available to home telecommunication systems (e.g. . tel- 
ephsne instruments, answering machines, and the like) 
can optionally be incorporated in the disclosed acpara- 
us n aodrt on :o the basic POTS features described 
aoove The following presents a number of examples 

Messaging 

Currently, messaging b either a network-based or 
customer premises -based feature (in the torm of a tele- 
phone answe-trg system or e PBX-based messaging 
system) man arrangement of the type that employs the 
FIG 2 apparatus, the same capability can be had. This 
capatiir.y can be digital or analog, it can be closely as- 
sociated w th controller 300. or rt can ce a separate con- 
ventional telephone answering machine that is connect- 
ed to a secono port of element :0 V that second port is 
*itt«iftfUogpcii the aopaiatus has a stiucture that is not 
uilike the one presented ir. FIG. 5. When the telephone 
answenng machine is digital (m the sense of having a 
digual ntertace). then the FIG 6 apparatus is aoplica- 
ble. LasUy. *hen the tetephor.e answering functionality 
g incorporated r processor 300. then decoder 40 infor- 
mal on is led to processor 300 va I rte 303. and memory 
320 tarvos as the digita: store of rteomng messages 
The is Depicted m RG. 8 The messaging system's out- 
gocrg rressage is also stored in memory 320 and it is 
provided to port 2X via line XI . it is storac in memory 
320 toy ccfU^oller 300 processing a voce message from 
port 1 X via tre signal path from the CO emulator to the 
controller (e g . Ine 101}. In an alternate embodiment, 
an adcitcna signal path 304 from encocer 30 to con- 
roller 30C can be included 

A messaging feature in an arrangement such as 
shown n FIG 6 operates as fellows. When a call initia- 
l-on ATM cell comes into port 200 anc is cestmed to port 
100. controller 30C eel ermines whetner port 10C is oc- 
cupied with a present conversation or not When the 
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messaging system is inactive and when port 100 is busy 
wilh anctner conversation, controller 300 normally 
sends out a call that informs the calling party ot the busy 
status (as has been described above). When pen 100 
is not busy, nnging. signals are applied to port 100 by 
synthesizer 50. 

When the messaging system is active, lhe system's 
operation is altered. Specifically, when pert 100 is busy, 
controller 300 can determine (6ee •screening' below) 
whether to direct the call to the telephone answering port 
of element 15 When it dees, the telephone answering 
unit is alerted (e.g.. by synthesizer 50). is activated, and 
is caused to record the incoming message. When port 
100 is not busy but il is determined that synthesiser 50 
has sent a sufficient number of rings to port 1 00 and port 
100 has not gone 'off hook*, controller 300 redirects the 
aleM signal of synthesizer 50"to element 1 5. and element 
15 reacts as described above. 



so Call Transfcr.Tofwardinc/Bndqinq 

Call transfer, call forwarding, and call bridging are 
cioseJy related. They basicalty address the issue of in* 
torming the network of what to do with a present call (call 
transfer and call bridging) or with a future call (call for* 
waiding) 

With respect to transfer.of present calls, a control 
signal from the instrument at port 100 informs controller 
300 that 8 call transfer {for example) is desired. In re- 
soonse, controller 300 directs element 60 to assemble 
and send out a control ATM cell that informs the network 
to modify the destination address of the cal. Once the 
network gets the information, it changes the routing o1 
celts to accommodate the transfer request. 

3$ For bridging, controller 300 can simply accept celts 
from different sources and apply the information to port 
100. can replicate its speech data and send out a 
number of cells, each diiected to a different destination. 
With respect to future calls, ie., call forwarding, 

+o controller 300 accepts incoming cat! Initiation cells and. 
based on data stored by the user in controller memory 
320 which specifies some remote destination, control let 
300 directs element 60 to create and send out a control 
cell that directs the network to transfer the call to the 

«5 specked remote dest ration. In effect, it is treated as a 
call transfer process. Of course., it is quite easy to make 
such call transfers selective, based on the calling party's 
ID 

sc Repertory Oialinq 

Repertory dialing is merely a mec nanism for ac- 
cessing a pre-stored dialing string. Memory 320 and 
controller 300 can easily provide the necessary tunc* 
ss itonatrty Controller 300 can be made sensitive to a p re- 
designated dialing sequence that is reserved tor reper- 
tory ciaimg (e.g.. a sequence of two digits that starts with 

and in response thereto the controller accesses the 
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app ropna:e dialing strmg in rremory 320. 

Caller :p 

Caller ID requires a mears for informing the tser 5 
whc the calling party is. In accordance with the present 
disclosure, controller 300 has tne destination informa- 
tion o? the calling party ever before the user goes 'off 
hook*. Therefore, the task ol providing a carter ID reduc- 
es to the task of merely providing a translation from the "> 
source address of the calling ^aay to something thai is 
recognizee by the customer. 

Such Translation is achieved for customers who 
subscribe lo the caller ID feature by allowing ir e FIG. 2 
apparatus to access a network 'Caller ID 4 node (which is 
can be a simple data base that is coupled to the network 
through a *unil :het has the FIG. 2 design). When a caQ 
initiation eel arrives at port 200. controller 300 el act ve- 
ry establishes a cat! to the 'CaOer ID* node and obtains 
t:om tnat nrflc mtormaton about the identity of the can* sc 
mg oarty Ail this is done before a ringing signal is ap- 
plied to acder 4* by synthesizer 50. Thereafter, the ring- 
ing signal is applied by synthesize? 50, and controller 
300 provides the caller ID information tc the display in 
the telephone that is connected to port 1 00 (or to a dis- 
play cn trie FIG 2 apparatus itself) 

Given the processing and storage capacity of the 
FIG 2 apparatus, the received correlation of calling par- 
ty information to the caller ID can be stored in memory 
320. Thereafter, translations from the same calling pany sc 
can be done iocaly. This would a Dow a quicker transla- 
tor! less burden on the network, and even a customi- 
zation of the aien messages (e.g : "your brotner Harry 
is calling"). An interesting alternative to the telephone 
display is to tailor the ringing signal to the identity of the <55 
cailrg party. This can take the form of distinctive ringing 
for a class of callers, or it can even be a syr.thess of the 
caller's name (a g . *Hany Newman is calling*). 

Call Wailing mc 

Call waiting is an arrangement where a party that is 
busy with one conversation is informed that another call- 
mgparty wishes to be connected. The user can alternate 
between the two phone calls. 

This capability can be easly achieved in the FIG. 2 
apparatus because it ts simply a situation where con- 
troller 300 aither sends celts to. and accep:s eels from, 
one destination, cr another deslnalion. Con I roller 300. 
m turn, may be responsive to a switch hoot' '<^sh #*r to so 
some other signaling means 

Screening 

Agsrv given thai controller 300 includes memory*, n ss 
is possible to store calng pany numbers and destgrate 
various ca'l treatments to those pames. This may n- 
cljce sending cars from selected panies cirectty :o the 
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messaging system, ignoring calls from selected calling 
parties, etc. 

Time-out 

There is probably not a person in the US who has 
net been caBeo during dinner, or some other inconven- 
ient time. Many of those might appreciate a feature 
where the telephone ignores all ca«6 (or alt calls Ircm 
other than a selected set of calling parties) for a selected 
period of time. Such a feature can be easily accommo- 
dated in controller 300 by comoinmg a timer with the 
screening feature. 

Cown loading 

The above-described features and capabilities of 
the disclosed apparatus are service features that are 
presented for illustrative purposes. Other or additional, 
service leaiurcs can be easily embodied as well. More- 
over, it should be understood that whatever set of fea- 
tures is included h a particular built apparatus, the set 
of features need not remain static. That is, features can 
be removed or added even after the apparatus is buift. 
sold to a user, and installed Indeec. leatures can be 
added to the apparatus through the connection to the 
network 

Stated in other words, one of the features thai may 
be included in the disclosed apparatus is a downloading 
feature This feature places a call to a designated 
number and downloads data into memory 320 (e.g.. in 
FIG. 6. or the NVRAM portion of memory 440 in FIG. 7). 
The manner by which microprocessor 300 interacts with 
the designated number and downloads the data is quite 
simple, since the only difference betwaen downloading 
a program and receiving data that is sent to pon 400 (in 
FIG 6) is that the destination of the data is changed: 
that is. the signal is captured by processor 300 via line 
303. The concept of downloading features and capabil- 
ities is disclosed in U.S. Patent application OB/341 .605 : 
filed for B. Waring Partridge on November 18. 1994. Al- 
ternatively, of course, a CDROM or floppy disk reader 
can be coupled to controller 300 (employing well-known 
approaches for coupling a reader to a computer) and 
features can be installed through such a reader. 

The above descriptions of the network interface 
units have concentrated on embodiments for a custom- 
er-premises unit. It should be realized, however, that the 
FIG. 5 and FIG. 6 arrangements, slightly modified, are 
extendible to network interface units that couple the 
packet -switched network to elements other than cus- 
tomer-premises telephones, answering machines and 
the bke The network interlace unit can couple the pack- 
et-switched network to a PBX. to a central office, and 
even toa whole other circuit-switched, network. Tne dif- 
ferences between the FIG. 5 arrangement, for example, 
and a network ntertace unit lor a central office Ke in a) 
the number of ports 100 that are provided, and b) the 
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ratine cf the controls thai flow between ne central office 
and Ihe network nierlace untl. 

Por example, a network interface jni tor a certral 
office nay inc ude a digital tnterlace 4 5 for signaling the 
central office, and a plurality of echo carcelinc blocks $ 
20. out it wou<d not have the co-eruiaior b ocks or the 
synthesizer block. This is shown ir PIG 9 

There is. of course, also an issue of bandwictn. but 
that is a me-e engineering issue Thai is. beyond a cer- 
tain number of aratog trunks to t->e central office, ele* '<> 
ments 30. 60. 72. and 40 wil no: be ab>e tc handle the 
computation load. That is solved erthe* wtt-i higher clock 
rates or with a number of the network interface units 
being effectively combined into one. 

Claims -* 

1. Apparatus inducing a first port adapted for commu- 
nicating wtfn a user and a sec era pot -or coupirg sc 
the apparatus lo a telecomrrun:caticn net wore 

compfisrg: 

pac*eti2atcn means 

a) lor convert rig r format ten signals from re 
fi'st poit. arr<vrg at a first foinftt. to prtckei sig- 
nals, where a packet includes a reader por.cn 
and an informatior. pert on and where the head* 
er portion comarises b<tstrat are devoted toad- 
dress specification, anc at least one b>t devoted so 
to specifying whether the packet s information 
pert ton carrcs control or nfor-naton signals, 
and 

b) tor converting oacket s^nats arriving from 

the second port into s gnats rav ng sa-d first for- J£ 
mat: and 

a con t toilet for enaolrg concuuent two-direc* 
tional flow of signals through sa d f rst pert and for 
proving feature control stgna s to the second port +0 

2. The apparatus of claim 1 wheren said controller 
provides rngback signals to the second port 

3. The apparatus o* claim 1 further composing a mem- *i 
ory assocQted wm the controller for storr.g mfor* 
rraiion cetrverec to the apparatus via sad secor.o 
port. 

4. "he apparaus of clam 3 whe'e n said information SC 
is audio information. 

5. The apparatus of clam 3 whe'e n satd information 
is orogram information for control ng operation of 
satd apoaiatus. f£ 

€. The apparatus ol eta-m 3 herein sa*d memory 
stores destination mlormaicn. and satd controller 



m response to signals from the first port, accesses 
said memory retrieves selected designation infor- 
mation and applied the retrieved destination infor- 
mation to the second port. 

7. The apoaratus cf claim 6 wherein said controller fur- 
ther includes means for treating information re- 
ceived at the second port from a destination stored 
tn 6aid memory aitereniiy from the treatment given 
to miormaiton received at the second pon from a 
destination net stored ir. said memory. 

6. The apoa ratus of claim 7 wherein said controller fur- 
ther induces means for treating snformalion re- 
ceived at the second port differently at different 
times. 

9. The apparatus cf claim 6 wherein said controller fur- 
ther induces means for treating information re- 
served at the second port from one acstination 
stored in said memory drfferentty f rom the treatment 
given to r.formavon received at the secono port 
from another destination stored in said memory. 

to. The apparatus of claim 1 wherein said controller in- 
cludes means for sending information to the second 
port, directing the telecommuncation network cou- 
pled to the second port to redirect a stream of data 
that is flowing to the second port to another desti- 
nation in the network. 

1 1 . The apparatus ot claim 1 wherein said controller in- 
cludes means for sending information to the 6econd 
port, directing the telecommunication network cou- 
pled to the second port to redirect future streams ot 
information ;hat might otherwise be directed to flow 
to the seccro pon T to flow instead to another desti- 
nation in the network. 

12. The apparatus of claim 1 wherein said controller in- 
cludes means for replicaling information received 
at the second port and transmitting the replicated 
information back to the second port. 

1 3. The apparatus of clam 1 wheren said controller in- 
cludes means for detecting signals that represent 
the identty of a source, arrivrig at the second port 
with rtcrmat on from the source, and for forwarding 
said signals lo the firs! port. 

14. The apparatus of claim 1 wherein the controller in- 
cludes 

means for recognizing that, while the second 
port ts sencing a stream of packets to the first 
port, there ©another stream ot packets that the 
network wishes to send to the first port, and 
means for informing said first port that said an- 
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cihgr svaarr. oJ packets wisnes to be sent to ire 
Irs. port. 
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FIG. 1 
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